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Introduction
	 It	 is	 known	 that	 some	 moulds	 produce	 vari-
ous	 toxic	 metabolites	 under	 appropriate	 tempera-
ture	 and	 moisture	 conditions.	 These	 metabolites,	
called	 mycotoxins,	 may	 be	 hazardous	 for	 human	
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ic/carcinogenic	 compound	 (Škrinjar	 et	 al.,	 1992;	
IARC,	 1993b;	 Škrinjar	 et	 al.,	 1995;	 Duraković	
et	al.,	2008).	It	is	biotransformed	by	hepatic	micro-
somal	cytochrome	P450	to	AFM1.	
	 Milk	 is	 usually	 contaminated	 with	 small	
amounts	of	AFM1	as	a	consequence	of	the	AFB1	me-
tabolism	by	animals	that	are	fed	with	AFB1	contami-
nated	 feed	 (van	Egmond,	 1991;	 Škrinjar	 et	 al.,	
1992,	1995;	Taveira	and	Midio,	2001;	Tratnik	et	
al.,	2001).	The	forming	of	AFM1	occurs	in	liver	and	
is	 secreted	 into	milk	 in	mammary	 gland	 (Stoloff,	
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	 The	 direct	 evidence	 for	 the	 carcinogenicity	
of	 AFM1	 is	 slender,	 primarily	 because	 insufficient	
































	 Evidence	 of	 hazardous	 human	 exposure	 to	
AFM1	 through	 milk	 and	 dairy	 products	 has	 been	
shown	 by	 several	 investigators	 (Lukač	 et	 al.,	
1991;	 Galvano	 et	 al.,	 1998;	 Trucksess,	 1999;	
Samaržija	 et	 al.,	 2003;	 Galvano	 et	 al.,	 2009).	
AFM1	 is	 of	 great	 concern	 because	 of	 high	 human,	
namely	 children	 consumption	 of	milk,	 dairy	 prod-
ucts	and	protein	concentrates	based	on	milk	such	as	
whey	protein	concentrates	(Tratnik,	1998;	Brnčić	
et	 al.,	2008a;	Brnčić	et	 al.,	2008b;	Brnčić	et	 al.,	
2009).	 There	 are	 also	 some	 innovative	 techniques	
for	milk	processing	 like	ultrasound,	pulsed	electric	







milk	 and	dried	 or	 processed	milk	 products	 should	
not	 exceed	50	ng	 x	 kg/L-1	 (Škrinjar	 et	 al.,	 1995;	
Trucksess,	 1999;	 Codex	 Alimentarius	 Commis-
sion,	2001;	Kamkar,	2006).	However,	according	to	
US	 regulation	by	FDA,	 the	 level	 of	AFM1	 in	milk	
should	not	be	higher	than	500	ng	x	kg/L-1	(Stoloff	
et	al.,	1991;	Kamkar,	2006).
	 Therefore,	 contamination	 of	 milk	 and	 dairy	
products	with	AFM1	has	 been	 recognized	 as	 a	 sig-
nificant	human	health	hazard.








1986,	 1987,	 1989;	 Schmidt,	 1989;	 Logrieco	 et	
al.,	1996;	Hartl	and	Humpf,	2000;	Duraković	et	
al.,	2002;	Moretti	et	al.,	2007).
	 Thus,	 Duraković	 and	 co-workers	 (1989,	
2002)	 reported	 that	 concentration	 resulting	 in	 50	
%	mortality	of	AFB1	exposed	to	temperature	of	20	
°C	for	24	hours	was	3.0	µg	x	L-1.	Investigations	by	















Gmbh,	 Kassel	 (Germany).	 Toxin	 was	 dissolved	 in	
methanol	 to	 obtain	 concentrations	 5.0,	 10.0	 and	
50.0	µg	x	mL-1.
Milk
	 Whole	pasteurized	milk,	 from	 retail	 shop	was	
used.	The	milk	showed	no	detectable	levels	of	AFM1	
(results	not	presented)	(Antunac	et	al.,	2002)	and	





Brustman	 Co.,	 Düsseldorf	 (Germany).	 Hatching	
procedure	followed	the	one	described	in	ARC	test,	
standardized	short	 term	toxicity	 test	with	Artemia 
nauplii	 (Vanhaecke	 and	 Persoone,	 1981a;	Van-
haecke	et	 al.,	 1981b).	The	hatching	medium	was	
artificial	seawater	of	normal	seawater	salinity	(35	g	
x	L-1).	 For	 each	 experiment,	 100-200	mg	 of	 brine	
shrimp	was	placed	in	each	100	mL	of	hatching	me-
dium	contained	in	a	500	mL	Erlenmeyer	flasks,	and	








rated	with	 a	 selected	 solution	 of	AFM1	 (about	 20	
µL/disc),	 and	 each	disc	was	 placed	directly	 in	 the	






























Control 46 11 10
0.15 42 25 8
0.30 56 50 12
0.40 35 65 10
0.50 38 75 9
0.90 48 95 8
response	of	the	larvae	varied	according	to	dosage	and	
it	was	 possible	 to	 develop	 a	 standard	 curves	 in	 an	
observation	period	of	48	and	96	hours,	respectively	
(Figures	2a,	2b,	3a	and	3b).











0.5	 µg	 x	L-1	was	 the	 lowest	 level	 of	AFM1	 tested.	
Figure	2a.	Dosage-mortality	response	of	A. salina larvae	to	AFM1	with	observation	period	
																	of	96	hours	at	20	°C




and	 co-workers	 (1987,	 1989),	 Schmidt	 (1989),	
Duraković	and	co-workers	(2002)	and	Duraković	
(2007)	who	have	stated	0.5	and	1.0	ng	x	mL-1	as	the	
minimal	 concentrations	 of	 aflatoxins	 that	 produce	
LC50	value	in	experiments	with	A. salina larvae.





























For	 satisfactory	 LC50,	 however,	 at	 least	 three	 data	
must	be	situated	 in	the	mortality	range	5-95	%.	 If	
this	not	the	case,	the	test	should	be	repeated	with	
additional	 concentrations	 from	 dilution	 scale.	 For	
each	concentration,	including	the	control,	three	rep-
lications	should	be	used.
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shrimp	 larvae	without	 affecting	 the	 results.	 Living	
culture	 of	 test	 organism	 needs	 to	 be	 maintained;	
enough	larvae	to	conduct	a	test	can	be	made	available	
by	placing	eggs	in	artificial	seawater	at	27	°C	from	
18-24	 hours	 before	 they	 are	 needed	 (Duraković	




extracts	 of	 a	 toxigenous	moulds	 cultures	 (Brown,	
1969;	 Duraković	 et	 al.,	 1987;	 Logrieco	 et	 al.,	
1996;	Sarabia	et	al.,	2002;	Favilla	et	al.,	2006).







•	 the	 cysts	 are	 commercially	 and	 readily	 available	













	 Over	 the	 past	 several	 years,	 the	 toxicity	 of	
mycotoxins	to	the	brine	shrimp	Artemia salina	has	





























Utjecaj inkubacijske temperature  
i koncentracije aflatoksina M1 u mlijeku 
na larve račića Artemia salina
Sažetak
	 Proučavani	su	utjecaji	 inkubacijske	temperatu-
re	 i	 koncentracije	 aflatoksina	 M1	 (AFM1)	 na	 larve	
račića	Artemia salina	 kao	biologijskog	 indikatora	u	
temperaturnom	rasponu	od	20	°C	do	40	°C.	Poviše-
nje	 temperature	 inkubacije	uzrokovalo	 je	povećanu	









	 	 				Artemia salina,	vrijednosti	LC50	i	T50
152 L. DURAKOVIĆ et al.:  Aflatoxin M1 in milk, Mljekarstvo 61 (2), 145-153 (2011)
Acknowledgements
	 We	are	gratefully	expressing	our	acknowledge-
ments	 to	 gentlewoman	 Brigitta	Duraković	 for	 lan-
guage	correcting	the	manuscript.











by	Lethal	Action	on	Zebra	Fish	Larvae.	Journal of the As-
sociation of Official Analytical Chemistry 52,	963-969.
3.	 Antunac,	N.,	Lukač-Havranek,	J.,	Samaržija,	D.	(2001):	
Effect	of	breed	on	chemical	 composition	of	goat	milk.	
Czech Journal of Animal Science	46	(6),	268-274.
4.	 Ben	 Naceur,	 H.,	 Jenhani,	 A.B.R.,	 Romdhane,	 M.S.	
(2009):	Ecobiological	 survey	of	 the	brine	 shrimp	Arte-
mia salina	 from	Sabkhet	El	Adhibet	 (south-east	Tuni-
sia).	Journal of the Marine	Biological Association of the 




related	economic	losses.	Presented in the 3rd Joint FAO / 
WHO / UNEP International Conference on Mycotoxins,	
Tunis,	Tunisia,	3-6	March,	1999.
6.	 Bosiljkov,	T.,	Tripalo,	B.,	Brnčić,	M.,	Ježek,	D.,	Karlović,	
S.,	 Jagušt,	 I.	 (2011):	 Influence	 of	 high	 intensity	 ultra-
sound	with	different	 probe	diameter	 on	 the	degree	 of	
homogenization	 (variance)	 and	 physical	 properties	 of	















dates.	Food and Bioprocess Technology: an International 
Journal,	DOI10.1007/s11947-009-0273-0.
10.	 Brown,	R.F.	(1969):	The	effect	of	some	mycotoxins	on	
the	Brine	Shrimp	Artemia salina.	Journal of the Ameri-
can Oil Chemists’ Society 46,	119-119.	
11.	 Codex	 Alimentarius	 Commission	 (2001):	 Comments	
submitted	on	the	draft	Maximum	level	for	Aflatoxin	M1	
in	milk.	Codex committee on food additives and contami-
nants, 33rd session,	Hogue,	The	Netherlands.
12.	 Coldwell,	G.S.,	Bentley,	M.G.,	Olive,	P.J.W.	(2003):	The	
use	 of	 a	 brine	 shrimp	 (Artemia salina)	 bioassay	 to	 as-
sess	the	toxicity	of	diatom	extracts	and	short	chain	alde-
hydes.	Toxicon 42,	301-306.	
13.	 Creppy,	E.E.	 (2002):	Update	of	 survey,	 regulation	 and	
toxic	effects	of	mycotoxins	in	Europe.	Toxicology Letters 
127,	19-28.
14.	 Dabrowski,	K.	 (1991):	Some	aspects	 of	 ascorbate	me-
tabolism	 in	 developing	 embryos	 of	 the	 brine	 shrimp	
(Artemia salina).	 Canadian Journal of Fisheries and 
Aquatic Sciences 48,	1905-1908.
15.	 Duraković,	 S.,	 Beritić,	 T.,	 Duraković,	 Z.,	 Pospišil,	 O.,	
Delaš,	F.,	Vorkapić-Furač,	J.	(1986):	Primjena	dehidrira-
nih	jaja	Artemia salina	u	dokazivanju	toksičnosti	aflatok-
sina.	Hrana i ishrana 27	(4),	199-204.
16.	 Duraković,	 S.,	 Duraković,	 Z.,	 Beritić,	 T.,	 Pospišil,	 O.,	
Radić,	 B.	 (1987):	 Larve	Artemia salina	 kao	 test	 orga-
nizam	 u	 istraživanju	 sinergizma	 mikotoksina. Arhiv za 
higijenu rada i toksikologiju 38	(4),	307-313.
17.	 Duraković,	 S.,	 Galić,	 J.,	 Rajnović,	 P.,	 Pospišil,	 O.,	
Štilinović,	L.	(1989):	Larve	Artemia salina	kao	jednosta-
van	biološki	reagens	za	istraživanje	toksičnosti	mikotok-





indikatori	 sigurnosti	 i	 kakvoće	 namirnica.	 In: Moderna 
mikrobiologija namirnica-knjiga druga,	 Duraković	 S.,	
ed.	Kugler,	Zagreb,	pp:	249-282.
20.	 Duraković,	 S.,	 Duraković,	 L.	 (2003):	 Mikologija u 
biotehnologiji.	Duraković	S.,	ed.	Kugler,	Zagreb.
21.	 Duraković,	L.	(2007):	The influence of chosen parameters 
on the growth of the mold Aspergillus	flavus ATCC 26949 
in mixed culture and biosynthesis of aflatoxins B1 and G1.	
PhD	Thesis.	Faculty	of	Food	Technology	and	Biotechnol-
ogy,	University	of	Zagreb,	Croatia.
22.	 Duraković,	 S.,	 Duraković,	 L.,	 Vahčić,	 N.,	 Skelin,	 A.,	
Duraković,	Z.	(2008):	Affect	of	moulds	growth	in	mixed	
cultures	 on	 production	 of	 aflatoxins	 on	 maize	 hybrid.	




agents	using	two	different	(Artemia salina and	Daphnia 





nal of Food Protection 61,	738-741.
L. DURAKOVIĆ et al.:  Aflatoxin M1 in milk, Mljekarstvo 61 (2), 145-153 (2011) 153
25.	 Galvano,	 F.,	 Galofaro,	 V.,	 Galvano,	 G.	 (2009):	 Oc-
curence	 and	 stability	 of	 aflatoxin	M1	 in	milk	 and	milk	
products	-	a	worldwide	review.	Journal of Food Protection 
59	(10),	1079-1090.
26.	 Hartl,	 M.,	 Humpf,	 H.U.	 (2000):	 Toxicity	 assessment	
of	 fumonisins	 using	 the	 brine	 shrimp	 (Artemia salina)	






gi-their toxins and human health hazard,	Kurata	H.	and	
Ueno	Y.,	 eds.	 Elsevier,	Amsterdam-New	York-Oxford-
Tokyo,	pp:	332-338.
29.	 IARC	 (1993a):	 Aflatoxins:	 naturally	 occuring	 aflatox-
ins	(Group	1).	Aflatoxin	M1	(Group	2b).	International 
Agency for Research on Cancer.	Lyon,	France,	Vol. 56,	
pp:	245-252.
30.	 IARC	 (1993b):	 Some	 naturally	 occuring	 substances:	
food	 items	 and	 constituents,	 heterocyclic	 aromatic	
amines	 and	 mycotoxins.	 International Agency for Re-




















brine	 shrimp	Artemia salina	 (Branchiopoda : Anostra-
ca).	Molecular Ecology 17	(13),	3160-3177.
36.	 Sarabia,	 R.,	 del	 Ramo	 Varo,	 I.,	 Diaz	 Mayans,	 J.,	 Tor-
reblanca,	A.	 (2002):	Comparing	 the	 acute	 response	 to	
cadmium	toxicity	of	nauplii	from	different	populations	
of	Artemia.	Environmental	Toxicology and Chemistry 21	
(2),	437-444.
37.	 Samaržija,	 D.,	 Antunac,	 N.,	 Pećina,	 M.,	 Havranek,	 J.	




L.	 bioassay	 for	 screening	 of	 aflatoxins.	 In: Aspergillus: 
Mycotoxins Taxonomy and Pathogenicity,	Chelkowski	J.,	
ed.	Elsevier,	Amsterdam,	The	Netherlands,	pp:	121-130.
39.	 Stoloff,	L.	(1980):	Aflatoxin	M1	in	perspective.	Journal 
of Food Protection 43,	226-230.
40.	 Stoloff,	L.,	van	Egmond,	H.P.,	Park,	D.L.	(1991):	Ratio-
nales	for	establishment	of	limits	and	regulations	for	my-
cotoxins.	Food Additives and Contaminants 8,	213-222.
41.	 Škrinjar,	M.,	Stubblefield,	R.D.,	Vujičić,	I.F.,	Stojanović,	
E.	 (1992):	 Distribution	 of	 aflatoxin-producing	 moulds	
and	aflatoxins	in	Yugoslav	dairy	cattle	feed	and	raw	milk.	
Acta	Microbiologica Hungarica 39	(2),	175-179.





of Food Science 13	(4),	443-447.
44.	 Tratnik,	Lj.	(1998):	Mlijeko - tehnologija, biokemija i mi-
krobiologija.	Hrvatska	mljekarska	udruga,	Zagreb.
45.	 Tratnik,	 Lj.,	 Božanić,	 R.,	 Mioković,	 G.,	 Šubarić,	 D.	
(2001):	 Optimization	 of	 Manufacture	 and	 Quality	 of	
Cottage	Cheese.	Food Technology and Biotechnology 39	
(1),	43-48.
46.	 Trucksess,	M.W.	(1999):	Mycotoxins.	Journal of AOAC 
International 82,	488-495.
47.	 Tsolaki,	E.,	Pitta,	P.,	Diamadopoulos,	E.	(2010):	Electro-
chemical	 disinfection	 of	 stimulated	ballast	water	 using	
Artemia salina	as	indicator.	Chemical Engineering Jour-
nal 156	(2),	305-312.
48.	 van	Egmond,	H.P.,	Paulsch,	W.E.	(1986):	Mycotoxins	in	




toxin	M1	Content	(Part	I).	Journal of the Association of 
Official Analytical	Chemists 70	(4),	605-610.
50.	 van	Egmond,	H.P.	(1989):	Aflatoxin	M1:	occurence,	tox-
icity,	regulation.	In: Mycotoxins in Dairy Products,	Van	
Egmond	H.P.,	ed.	Elsevier	Applied	Science,	London,	pp:	
11-55.
51.	 van	 Egmond,	H.P.	 (1991):	Mycotoxins.	Bulletin of the 




stitut National de la Santé et de la Recherché Médicale 
106,	370-376.
53.	 Vanhaecke,	 P.,	 Persoone,	 G.,	 Claus,	 C.,	 Sorgelos,	 P.	
(1981b):	 Proposal	 for	 a	 Short-Term	Toxicity	 Test	with	
Artemia nauplii.	Ecotoxicology and Environmental Safety 
5,	382-387.
54.	 Wood,	G.E.	 (1991):	Aflatoxin	M1.	 In: Mycotoxins and 
phytoalexins,	Sharma	R.P.	and	Salunkhe	D.K.,	eds.	CRC	
Press,	Boca	Raton,	pp:	145-164.	
